By using an analogy with axionic like systems, we study light propagation in periodic photonic topological insulator (PTI). The main result of this paper is an explicit expression for the PTI band structure. More specifically, it was found that for nonzero values of the topological phase difference γ = θ 2 − θ 1 a finite gap δ ∝ γ 2 opens in the spectrum which is equivalent to appearance of nonzero effective photon mass m * (δ) ∝ √ δ δ+2 .
I. INTRODUCTION
Photonic crystals are artificial periodic structures in which electromagnetic waves (photons) can be manipulated in an analogous way to the electrons in semiconductors [1, 2] . In particular, photonic crystals can be used as devices for confinement and light curving [3] as well as a single frequency filter and a cavity for nanolasers [4] . Unlike the conventional optical fibers (where the light propagates by successive total reflections leading to a significant loss of energy), in the so-called photonic fibers the light follows a practically loss-free path.
The discovery of topological insulators (TI) [5, 6] has rekindled interest in existence of nontrivial topological phases in optical systems. In particular, photonic counterparts of quantum Hall edge states have been predicted [7, 8] and experimentally observed [9] [10] [11] in systems with broken time-reversal symmetry.
In this paper we introduce an exactly solvable model of the photonic topological insulator (PTI) and discuss its unusual properties. In particular, an explicit expression for the PTI band structure (spectrum) ω(k) with TI induced gap parameter δ has been obtained, leading to the gap dependent effective photon mass m * (δ).
II. THE MODEL
Recall that the electromagnetic response of an ordinary (nontopological) insulator is described by the Maxwell action
leading to conventional macroscopic fields describing electric polarization and magnetization
What would be the electromagnetic response of a topological insulator (TI)? The novel property of the TI is that it has a conductive surface. It means that for an incident electric field, a surface current will arise inducing a magnetic field in the material, that is magnetizing it. In other words, in the TI an electric field induces a magnetization. Likewise, the magnetic field induces a dielectric polarization in the TI. These two phenomena result in appearance of the so-called magneto-electric effects. It is worthwhile to mention that similar effects occur in axion like systems [12] . Thus, from the electrodynamic point of view, we can consider a TI as an axionic medium [13] [14] [15] and, by analogy, add the following topological term to the conventional Maxwell action
where α is the fine structure constant, and θ is a phenomenological model parameter that characterizes the topological phase of TI. With the introduction of the above axionic term, we arrive at the constitutive relations describing the macroscopic properties of the TI, namely:
To model a periodic photonic crystal, we assume that the above-introduced parameters ǫ, µ and θ are periodic with a spacial period equal to d = a + b, that is:
III. RESULTS AND DISCUSSION
For the normal incidence of plane waves (with the wave vector k = kẑ), from the sourcefree Maxwell equations
we obtain
for the field configurations of the problem, where (in view of Eq. (10))
Notice that in the regions where θ is uniform and constant, the Maxwell equations are identical to the ones for the conventional dielectrics.
Since the parameters that characterize the medium are periodic, the fields should also obey the Bloch theorem
allowing us to restrict the problem to the unity cell defined as the region 0 ≤ z ≤ a + b. It can be easily verified that the general solution for both fields in this region reads
where
with c being the velocity of light. 
being the impedance of the medium, and δ = for d = 1nm). The latter estimate is typical for nontopological photonic crystals [16] . It would be interesting to experimentally check these predictions using the existing PTI. 
IV. CONCLUSION
In summary, we studied propagation of light in a model system describing periodic photonic crystal comprised of topological insulators. By adding an axionic like term into conventional Maxwell equations, we obtained a closed system of linear equations on electric and magnetic fields. By resolving the resulting transcendental equation, the existence of nontrivial band structure in the photonic topological insulator (PTI) was revealed. Namely, it was found that for nonzero values of the topological phase parameter γ = θ 2 − θ 1 a finite gap δ ∝ γ 2 opens in the spectrum which is equivalent to appearance of nonzero effective photon mass m * (δ). The latter was shown to quite noticeably increase with δ and decrease with the period of the photonic crystal d = a + b.
